Background: Oxidative stress damages to cells or tissues, however, cellular defense systems including heme oxygenase-1 (HO-1) protects them against oxidative stress. Flavonoid compounds can activate cellular defense mechanisms against oxidative stress and it can reduce cell damages. In the present study, the cytoprotective effects of morin (3,5,7,2',4'-pentahydroxyflavone), in terms of HO-1 enzyme, against the oxidative stress and its involved mechanisms was elucidated. Methods: RT-PCR and western blot analysis were assessed to detect the mRNA and protein expression, respectively. Cell viability was measured by using MTT test. The immunocytochemistry was performed to define location of target protein. Electrophoretic mobility shift assay performed to measure transcription factor-promoter site binding activity. Results: Morin elevated mRNA and protein levels of HO-1 in human lens epithelial cells (HLE-B3). HO-1 inhibitor ZnPP attenuated the protective effect of morin against H2O2-induced cytotoxicity. Morin increased the protein level of transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2), which up-regulates HO-1 expression by binding to the antioxidant response element (ARE) within the HO-1 gene promoter. Moreover, morin induced the translocation of Nrf2 from the cytosol into the nucleus. Morin activated extracellular-regulated kinase (ERK), while ERK inhibitor attenuated morin-enhanced Nrf2 and HO-1 expression. Conclusions: Morin activates ERK-Nrf2 signaling cascades in HLE-B3 cells, leading to the up-regulation of HO-1 and cytoprotection against oxidative stress. (J Cancer Prev 2013;18:249-256) 
INTRODUCTION
Reactive oxygen species (ROS) such as superoxide anion, hydroxyl radical and peroxide are implicated in oxidative stress and it has been strongly linked with the formation of various degenerative diseases including cancer 1 and cataract. [2] [3] [4] In cancer cells, ROS-induced hyper-phosphorylation of JNK can translate oncogenic signals, thus supporting cellular proliferation by activation of AP-1, in addition to the proliferation signals mediated by ERK. 1 Therefore, ROS may play an important role in the promotion phase of tumor generation and also, ROS is suggested to implicate damage to the lens. 5 Cellular defense system against oxidative stress contains active antioxidant defense system such as thioredoxin reductase, glutathione, catalase, NADH: quinone oxidoreductase 1, superoxide dismutase and heme oxygenase-1 (HO-1). 6, 7 HO-1 catalyzes the oxygen-dependent degradation of heme to biliverdin, iron, and carbon monoxide using reducing equivalents. HO-1 is highly expressed in spleen and liver and inducible by various substances. Since HO-1 is induced as a protective mechanism in response to various stimuli, targeted induction of this enzyme may be considered as an important therapeutic strategy for the protection against oxidative tissue damage. 7 hydrogen peroxide and γ-ray radiation. 12, 13 In the present study, we examined the cytoprotective effects of morin, in terms of HO-1 enzyme, against the oxidative stress and its involved mechanisms.
MATERIALS AND METHODS

Cell culture
Human lens epithelial cells (HLE-B3) were grown in Dulbecco's modified eagle medium (DMEM) supplemented with 20% fetal bovine serum in a humidified 5% CO2 atmosphere at 37 o C.
Materials
Morin was purchased from Sigma-Aldrich Chemical Co. 
Western blot analysis
Cell or nuclear lysates were collected, and protein concentrations were determined using the Bradford reagent.
Aliquots of the lysates (40 μg of protein) were boiled for 5 min and electrophoresed on 10% SDS-polyacrylamide gels.
Gels were transferred onto nitrocellulose membranes.
Membranes were then incubated with the indicated primary antibodies and further incubated with secondary immunoglobulin G-horseradish peroxidase conjugates.
Protein bands were visualized by developing the blots using an enhanced chemiluminescence western blotting detection kit (Amersham, Buckinghamshire, UK) and exposing the membranes to X-ray film.
Cell viability
The effect of morin on the cell viability was determined by the MTT assay, which is based on the reduction of a tetrazolium salt by mitochondrial dehydrogenase in viable cells. 14 Cells were seeded in a 96 well plate at a density of Fig. 1A and B) . And morin at 50 μM significantly increased expression of HO-1 mRNA at 4 h (Fig. 1C ). 1n
parallel with elevated expression of the mRNA transcript, the protein level of HO-1 in morin-treated cells was also increased at 4 h (Fig. 1D) . These results suggested that morin induced HO-1 expression.
Involvement of HO-1 in cell damage induced by oxidative stress
To determine whether the HO-1 enhanced by morin confers cytoprotection against oxidative stress, cells were pretreated with the HO-1 inhibitor ZnPP. ZnPP attenuated the protective effect of morin against H2O2-induced cytotoxicity (Fig. 2) . Therefore, the cytoprotective effect of morin was mediated through HO-1 induction.
Increase of nuclear translocation and ARE binding activity of Nrf2 in morin-treated HLE-B3 cells
To evaluate the ability of morin to induce Nrf2, a transcription factor modulating HO-1 expression, western blot, immunocytochemistry, and EMSA performed with nuclear extracts. The induction of Nrf2 expression after 3 h was observed in morin-treated cells (Fig. 3A) , and also the translocation of Nrf2 to nucleus was observed (Fig. 3B) .
Furthermore, EMSA data showed that morin-treated cells increased the ability of Nrf2 binding to ARE (Fig. 3C) . These results suggested that morin increased nuclear translocation and ARE binding activity of Nrf2.
Increase of ARE-binding activity of Nrf2 and HO-1 expression by ERK signaling in morin-treated cells
To investigate the upstream of Nrf2-ARE signaling, the activation of ERK was monitored by western blot analysis using the phopho-ERK antibody. Morin induced the expression of active ERK1/2 (phospho-ERK1/2) (Fig. 4A) . Because ERK is considered to be critical for the inducible expression of Nrf2, it was examined whether the ERK inhibitor can suppress the activation of Nrf2 in morin-treated cells.
Morin-induced nuclear Nrf2 expression and ARE binding activity of Nrf2 were inhibited by U0126 ( Fig. 4B and C ). And HO-1 level increased by morin was also inhibited by the U0126 (Fig. 4D) . These results suggested that morin-induced HO-1 expression was partially regulated via ERK pathway.
DISCUSSION
Oxidative stress via excess ROS plays a key role in the initiation and progression of carcinogenesis including retinoblastoma. [15] [16] [17] [18] Aerobic organisms including mammals generate ROS as part of normal aerobic metabolism, and have developed elaborate antioxidant mechanisms for combating oxidative stress. The effective antioxidant defense systems for combating the toxicities of ROS is a family of antioxidant enzymes. 3, 6, 7, 19 The chemo-preventive effects of many synthetic and natural substances that reduce the cancer risk could be attributed to induction of antioxidant enzymes. 20, 21 Morin has a phenolic structure with hydroxyl groups at C2' and C4'. Some studies has revealed that morin have anti-hypertensive effect, 9, 22 anti-cancer effect, 23,24 and anti-hepatocellular transformation effect. 25 It has reported that morin exhibited cytoprotection against oxidative stress induced by hydrogen peroxide via inhibiting ROS 26 NF-kB, 27 and Nrf2. 28 A transcrip- tion factor Nrf2 is kept in cytosol fraction as an inactive form by inhibitor protein-Keap1. Release of Nrf2 from Keap1 leads to nuclear translocation and form heterodimer with small Maf protein, 29 and then binds to ARE elements resulting in expression of HO-1. 8, 29 Morin increased the nuclear levels of the Nrf2 and its binding to the ARE. It is reported that ERK phosphorylates Nrf2 which may facilitate the release of Nrf2 from the Keap1-Nrf2 complex, allowing activated Nrf2 to translocate into the nucleus where it forms a heterodimer with the small Maf protein. 30 Our present studies also showed that the morin induced the activation of ERK and ERK inhibitor attenuated the morin-induced Nrf2 expression, DNA binding activity, and HO-1 level. It suggests that morin induces HO-1 expression via ERK-Nrf2 signaling pathway (Fig. 5 ). In conclusion morin enhanced cellular defense against oxidative stress and might develop a possible chemo-preventive substance.
